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Kerri Pratt has always loved winter, cold, and snow. Now she works in the Arctic tracking myriad chemical reactions in the region's atmosphere. The region is warming faster than anywhere else on the planet, and her work is making sense of the rapid changes there and helping predict what's to come. She is also investigating how oil and gas development in the Arctic is affecting air quality, which influences the health of people living there. Pratt, an analytical environmental chemist at the University of Michigan, uses cutting-edge analytical methods to answer these questions, including single-particle mass spectrometry and chemical ionization mass spectrometry. Deirdre Lockwood spoke with Pratt about her fieldwork and research findings.

How did you get interested in chemistry and the Arctic? {#sec1}
=======================================================

I was originally an environmental science major in college, and someone told me that I could tackle whatever environmental problem I wanted to if I became a chemist. I then went and got a bachelor's degree in chemistry. I learned through doing solid-state NMR \[nuclear magnetic resonance\] and mass spectrometry as an undergraduate that I really liked instrumentation.
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My PhD adviser, Kim Prather, remembers me talking about the Arctic in my first year of my PhD, but the group was doing work in the Maldives. She introduced me to Paul Shepson at Purdue University, who studies Arctic atmospheric chemistry, so I went and did my postdoc there.

Why is it important to study the Arctic right now? {#sec2}
==================================================

The Arctic is warming at over two times the rate of anywhere else in the world. The system is very sensitive, and there has been rapid, dramatic sea-ice loss in the last several decades.

What is it like to work there? {#sec3}
==============================

Imagine flying your custom instrument far away, putting it on the back of a pickup truck, then on a sled behind a snow machine, and hoisting it into a shed on the tundra. And then getting the instrument in the best possible shape to work, at the lowest limits of detection, despite power outages and frigid temperatures outside. Throw in isolation and 24 h of darkness during some campaigns just to test your mental stability. These are my research group's normal challenges.

Tell me about one of your current projects there. {#sec4}
=================================================

I currently have two PhD students up in an oil field in Alaska, where we're studying the interactions between atmospheric halogens and emissions from the oil fields. There is increasing development across much of the Arctic, where there's drilling for oil and gas. And so we need to understand what we're putting into the sensitive ecosystem, especially since combustion emissions contribute to warming. And then we also need to understand the reactions that these emissions undergo under the unique conditions of cold and dark.

How do the atmospheric reactions you're studying impact Arctic ecosystems? {#sec5}
==========================================================================

Mercury---primarily from human-made sources around the world---builds up in the Arctic atmosphere. That's important because mercury is toxic when it bioaccumulates in Arctic ecosystems in the form of methylmercury.

When elemental mercury in the atmosphere is transformed into Hg(II), it deposits on the Earth's surface and can enter ecosystems. Until recently, researchers suspected that bromine atoms were reacting with elemental mercury to form Hg(II), but no one had measured bromine atoms in the atmosphere.

We were the first to [measure atmospheric bromine atoms](https://doi.org/10.1073/pnas.1900613116), using chemical ionization mass spectrometry, which allows us to measure trace gases at single-digit parts-per-trillion levels and lower.

We showed that the dominant source of the bromine atoms is Br~2~, a gas that is photochemically produced in the snow pack. Br~2~ photolyzes to produce these bromine atoms. Our measurements quantitatively showed the reaction of bromine atoms with elemental mercury.

How does the melting of sea ice influence the atmospheric reactions you're studying? {#sec6}
====================================================================================

We have studied fractures in the sea ice that look like rivers flowing through the ice. These cracks can produce particles, similar to production of sea-spray aerosols over open water. And those sea-spray aerosols can form cloud droplets. You also have more convection, which leads to clouds forming. For accurate climate modeling of the region, you really need to be able to predict clouds, which means you need to understand the particles that are forming the clouds.

You're also coleading an initiative to study air pollution in the Arctic. Why? {#sec7}
==============================================================================

Given the development in the Arctic and the many communities there, we need to understand their air quality. One of the first field campaigns as part of [this initiative](https://pacesproject.org/) will be held next winter in Fairbanks, Alaska, which has some of the worst air quality in the US. Researchers from across the US and Europe will each contribute unique measurements of the air in Fairbanks, and there will be a citizen science project as part of the work.

Most of our understanding about atmospheric pollution chemistry is based on studies in warm, sunny conditions. Fairbanks in the wintertime is cold and dark. The air-quality models cannot predict the composition of the air there. We'll be going there with our single-particle mass spectrometer.

What can you learn with the single-particle mass spectrometer? {#sec8}
==============================================================

We can distinguish between different types of particles. Each particle has a chemical fingerprint, based on the ions that are produced when you hit it with a laser in the mass spectrometer. For example, we showed recently that the [particles over an oil field in Alaska](https://doi.org/10.1021/acs.est.9b04825) were sea-spray aerosols that had undergone reactions in the atmosphere, in addition to diesel soot and amine-containing organic sulfate particles linked with the oil field. There are only a handful of these instruments in the US, and we're the only ones who have deployed it on the ground in the coastal Arctic.

 {#sec99}

*Deirdre Lockwood is a contributor to*[*Chemical & Engineering News*](http://cen.acs.org/)*, the weekly newsmagazine of the American Chemical Society. Center Stage interviews are edited for length and clarity.*
